SUMMARY
Venous air embolism is a potentially lifethreatening complication of many procedures 1 . It can occur when gas is forced into a body cavity under high pressure and enters the venous system, or where the operative site is above the right atrium 1 resulting in air entrainment in open veins. Death can occur from cardiovascular collapse and arterial hypoxaemia due to air trapped in the right ventricular outflow tract 1 , pulmonary arteries and potentially from paradoxical systemic embolism. The case presented here is an example of gas injected into a closed body cavity (or potential space) resulting in significant gas embolism. It is suggested that a technique using saline to confirm intra-articular needle placement during hip arthrography is preferable to the use of air or other gas, to avoid this significant complication.
CASE REPORT
A healthy ten-week-old girl weighing 5.8 kg was booked for an examination under anaesthesia with possible open reduction of her developmentally dislocated left hip. She had had no prior general anaesthesia or other significant medical conditions and was appropriately fasted. Airway and cardiorespiratory examination were normal. The infant was placed in the supine position on the operating table and anaesthesia was induced with sevoflurane and oxygen. A 24 gauge intravenous cannula was inserted peripherally, atracurium 2 mg was given and the infant intubated with a size 3.5 mm uncuffed endotracheal tube. Intubation was uneventful and the endotracheal tube checked and secured. The arterial haemoglobin oxygen saturation as measured by pulse oximetry (SpO 2 ) was 100% post-induction. A Jackson Rees paediatric circuit and manual ventilation was used during anaesthesia. A forced air warmer was applied and the eyes taped. Monitoring consisted of ECG, SpO 2 , gas analysis of carbon dioxide, oxygen, volatile agent and nitrous oxide, temperature probe and standard ventilation pressure and failure alarms. Anaesthesia was maintained with 2 l/min oxygen, 4 l/min nitrous oxide and sevoflurane 2%. Following examination under anaesthesia, a left hip arthrogram was performed by inserting a 23 gauge spinal needle percutaneously into the hip joint. A negative needle aspiration for blood preceded injection of 5 ml of air, followed by contrast. After a three-minute delay, the SpO 2 decreased to 84%, end-tidal carbon dioxide decreased from 29 to 11 mmHg and the pulse rate increased from 122 to 155 beats per minute. Oxygen 100% was administered. The endotracheal tube and pulse oximeter were checked and the patient's chest and precordium auscultated. There were no murmurs heard and the lung fields were clear with normal breath sounds. The vital signs returned to normal over the next two minutes. The surgeon proceeded to inject another 5 ml of air into the hip without knowledge of the above events. The child again developed tachycardia and the SpO 2 and end-tidal carbon dioxide levels decreased again. After stabilization of the vital signs, closed reduction and adductor tenotomy was performed, a plaster hip spica placed and the infant recovered from anaesthesia uneventfully. The infant remained in the recovery room for one hour for observation of her vital signs and neurological state, remained well clinically, and was discharged home the following day.
DISCUSSION
The infant in this case report displayed signs consistent with venous air embolism as a result of the injection of air during the left hip arthrogram. The signs were tachycardia and decreased SpO 2 and endtidal carbon dioxide levels. The infant made a full recovery and the procedure was completed.
The need for injection of air or other gas into an infant's hip joint needs to be reviewed. The technique of hip arthrography is performed under image intensifier to confirm adequacy of closed reduction of the dislocated hip 2 . If the attempted closed hip reduction is inadequate, then the surgeon proceeds to open reduction of the hip 2 . Normal saline can be used to detect a change in resistance as the hip joint is entered, then contrast can be injected into the hip joint and a satisfactory image produced, avoiding the use of a gas 2 . Although the saline technique may not be as reliable an indicator of correct needle placement in the hip joint, it is certainly much safer.
The accidental lethal volume of intravenous air in adults is unknown but estimated to range from 200 to 300 ml 3 . Oppenheimer and colleagues 3 in 1953, based on studies in dogs, suggested that the lethal volume was 7.5 ml.kg -1 . There are no studies on humans (including infants). The clinical severity of venous air embolism depends on the volume and rate of air entering the circulation, the position of the patient at the time of embolism, the cardiac status of the patient and the use of nitrous oxide which may expand any gas bubbles in the circulation 1 . Inadvertent intravascular air embolism may result from venous pressure at the surgical site being subatmospheric. Air is entrained into an open vein from the atmosphere down a pressure gradient 4 . Intravascular air embolism may also occur when gas is forced under high pressure into a body cavity 4 . Venous air embolism can occur when air is forced into the tissues and thus into the vascular system. It has been shown to occur in ventilated patients with pulmonary barotrauma 5 .
Care must be taken when injecting air into the body, even if it is believed that it is not being injected intravascularly, as inadvertent intravascular injection may still occur. There are few reports of venous air embolism occurring in infants and children undergoing procedures that do not have a high risk of venous air embolism. A case very similar to ours has previously been reported 6 . A six kilogram, three-month-old female with chronic hip subluxation who underwent examination under anaesthesia, double contrast left hip arthrogram and placement of a hip spica cast had two 5 ml injections of air used to confirm correct needle placement. Despite displaying severe clinical signs of venous air embolism, the infant recovered, was normal clinically on awakening, and discharged home the next day. Another case involved carbon dioxide injected into the hip joint during hip arthrography 7 . An otherwise well four-month-old female weighing 6.1 kilograms with bilateral developmentally dislocated hips underwent hip arthrography under anaesthesia. A twenty-gauge needle was inserted into each hip joint followed by injection of 30 ml of carbon dioxide into each. This child also displayed clinical signs of severe venous gas embolism but recovered fully after appropriate management. She remained well and was discharged home later that day 7 . Carbon dioxide use in this case is safer than air in the event of a venous gas embolism because carbon dioxide is twenty times more soluble in tissues than oxygen. It is therefore more rapidly absorbed from the bloodstream, decreasing the impact on the circulation 7 . Despite this, serious complications have still occurred with the use of carbon dioxide 8 . These case reports describe air or gas entrainment into the circulation occurring in procedures uncommonly associated with this complication. Both 5 ml of air and 30 ml of carbon dioxide caused significant cardiovascular and respiratory decompensation in these infants. There was quick resolution of the complication with supportive treatment and complete recovery in all three case reports. There are case reports of venous air embolism occurring in infants proceeding to cardiac arrest, with successful resuscitation and intact neurology on recovery 9 . Paradoxical systemic embolism may occur through a patent foramen ovale 10 . Pulmonary embolism can increase right heart pressures, causing a right-to-left intracardiac shunt through a probe patent foramen ovale 10 . As the incidence of a probe patent foramen ovale is 25%, a small volume of air may lead to catastrophic outcomes, such as air embolism of the cardiac and cerebral circulations 10 .
Transoesophageal echocardiography is the most sensitive method for detecting venous air embolism, followed by precordial Doppler 11 . Moderately sensitive monitors include a decrease in end-tidal carbon dioxide or increase in end-tidal nitrogen levels 1 . An increase in pulmonary artery pressure or central venous pressure, hypotension, hypoxaemia, hypercapnia, cardiac dysrrhythmias and cyanosis are less sensitive and specific 1 . A precordial or oesophageal stethoscope may detect a "millwheel" murmur, which is a late sign, indicating that a massive venous gas embolism has occurred and cardiovascular collapse is imminent 1 . Treatment is generally supportive and aimed at minimizing the volume of air entrained into the circulation and its distribution throughout the body 1 . The decision to proceed with the surgery depends on whether the patient is haemodynamically stable and if the embolism has been successfully managed. If so, it is appropriate to continue, otherwise the surgery should be postponed, if possible, and the patient admitted to the intensive care unit for stabilization of vital signs 1 . This report describes a case of venous air embolism occurring in a procedure uncommonly associated with this complication. The amount and rate of injection of a gas into the body are especially important in children. A patent foramen ovale may lead to systemic embolism with cardiac and neurological complications. The use of gas injection for hip arthrography in infants should be abandoned in favour of the saline technique to locate the hip joint before radiological contrast is administered.
Although there is a preference among some surgeons for injection of gas, the use of saline instead of gas for locating the hip seems a simple measure to avoid the potentially life-threatening complication of gas embolism.
